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 College oAbstract Left ventricular (LV) dysfunction is a well known complication following ST-segment
elevation myocardial infarction (STEMI). Tissue Doppler imaging (TDI) is used as a non-invasive
method to assess LV diastolic function. Measurements obtained from TDI augment the prognostic
information of clinical risk score.
In this study, we are trying to use TDI to predict the development of LV dysfunction
(LVEF% <50%) in patients presenting with ﬁrst attack of STEMI.
We randomly selected 40 patients with acute STEMI, followed-up for 6 months. Two groups of
patients were included according to the presence or absence of LV dysfunction.
Of 40 stable post-STEMI patients, 14 (35%) developed LV dysfunction during 6-month follow-
up. Along the lateral and septal mitral annulus, the e0-wave velocity and E/e0 ratio showed a signif-
icant correlation with LV dysfunction following STEMI (p-value <0.001). A baseline cutoff value
of E/e0 ratio at the lateral mitral annulus >8.0 showed high sensitivity and speciﬁcity, 93% and
89%, respectively. Also, a baseline cutoff value of E/e0 ratio at the septal mitral annulus >10.0
had a sensitivity of 79% and speciﬁcity of 88%.
In conclusion, selected TDI parameters (e0-wave and E/e0 along the septal and lateral mitral
annulus) could guide post-STEMI risk stratiﬁcation, and thus predicting LV dysfunction.
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Survivors of MI are at heightened risk of developing major
non-fatal cardiovascular events, including recurrent MI,
arrhythmia, stroke, and heart failure (HF) [1,2]. A better
understanding of the factors involved in the eventual develop-
ment of HF in long-term MI survivors will better identify high-3.001
n and hosting by Elsevier B.V.
88 M.M. Kenawy et al.risk patients more likely to beneﬁt from implementation of
more intensive preventive measures and generate potential
mechanistic information [3].
Tissue Doppler imaging (TDI) is a recent echocardio-
graphic technique that enables measurements of atrioventricu-
lar annular and regional myocardial velocities, and may be
more sensitive than conventional echocardiography in detect-
ing abnormalities of LV systolic and diastolic functions [4–6].
The method can be used to study both longitudinal and
radial myocardial function. However, it is better suited for
the assessment of long-axis ventricular shortening and length-
ening because longitudinal motion has higher amplitude and is
less affected by rotational and translational cardiac activity,
making the velocities less prone to error and, therefore, more
reproducible [7].
Patients and methods
During the period from November 2009 to March 2012, forty
patients were included in our study. The patients were admit-
ted with acute STEMI in the critical care medicine department
at Cairo University Hospitals.
Ethical considerations
Informed written consent had been obtained from the next of
kin and the study was approved by the Hospital’s Ethics
Committee.
 Inclusion Criteria
1. First attack of acute STEMI
2. Sinus rhythm
 Exclusion Criteria
1. Previous MI.
2. Cardiogenic shock.
3. Right ventricular infarction.
4. Supraventricular or ventricular arrhythmias.
5. Use of thrombolytics.
6. Failed primary PCI.
7. Presence of LBBB on the ECG.
8. Presence of LV aneurysm at echocardiography.
9. Any medical condition interfering with standard med-
ical management.
10. Non-compliant patients.
All patients were subjected to;
 Complete history taking
 Full clinical assessment with special attention to hemody-
namic parameters.
 Standard medical treatment according to international
guidelines.
 Primary PCI. The culprit vessel was stented with bare metal
or drug-eluting stent according to guidelines. Platelet GP
IIb/IIIa antagonists were started. The success of reperfusion
was assessed by resolution of chest pain and/or resolution
of ST-segment elevation (>70%).
 Echocardiographic examinationEchocardiographic examination
All patients underwent conventional TTE examination as well
as TDI 2–4 days after primary PCI, using ATL HDI 5000-col-
ored echocardiographic machine with TDI software incorpo-
rated in the device using a 3.5 MHz. transducer.
s Conventional Trans-thoracic Echocardiography (TTE) mea-
suring; left ventricular end-diastolic (LVEDD) and end-sys-
tolic diameter (LVESD) together with left ventricular
ejection fraction (LVEF%).
s Doppler Echocardiography to measure; peak early diastolic
inﬂow velocity (E-wave velocity) in cm/s, peak late diastolic
inﬂow velocity (A-wave velocity) in cm/s, E/A ratio, E-wave
deceleration time (EDT) in msec, and left ventricular isovol-
umic relaxation time (IVRT) in msec.
s Tissue Doppler Imaging (TDI) measuring;mitral annular or
basal segmental systolic velocity (Sm) in cm/s, mitral annu-
lar or basal segmental early diastolic velocity (Ea or Em) in
cm/s, E/Ea or E/Em, and evidence of LV mechanical
dyssynchrony through measuring lateral-to-septal mitral
annular delay.
Follow-up
All patients were followed-up – clinically and echocardio-
graphically – after six months. The same operator – who is
totally blind to the patient’s clinical data – performed the echo
study using the same echocardiographic machine.
Statistical methods
SPSS (Statistical Package for Social Sciences) version 14.0 for
windows was used for data analysis. Mean and standard
deviation are descriptive values for quantitative data with
median and range for non-normally distributed data. Stu-
dent’s t-test and non-parametric t-test (Mann Whitney test)
were used for comparing means of two independent groups.
Paired t-test and non-parametric paired t-test (Wilcoxon
signed rank test) were used for comparing means of two
dependent groups. Chi-square – Fisher exact test were the
tests for proportion independence. Receiver operating charac-
teristic (ROC) curve was used to deﬁne the cutoff value and
its sensitivity and speciﬁcity for prediction of LV dysfunction
at the end of follow-up period. p-value <0.05 is considered
signiﬁcant. Graphics were designed by Microsoft Ofﬁce Excel
2003.
Results
By analyzing the data at the end of follow-up period, the
patient population was divided into two groups;
I. Normal LV function group i.e. LVEF >50% (Group I);
included twenty-six patients (65%) at the end of follow-
up period.
II. LV dysfunction group i.e. LVEF 650% (Group II);
included fourteen patients (35%) at the end of follow-
up period.
Table 5 Effect of baseline EDT on LV function.
EDT (msec) Group I (n= 26) Group II (n= 14)
Mean ± SD 188 ± 26.1 204 ± 47.2
Range 129–231 114–257
p-Value 0.242
Table 1 Comparison between demographic data and risk
factors in both groups.
Group I (n= 26) Group II (n= 14) p-Value
Age (mean ± SD) 52.3 ± 10.8 yrs 49.4 ± 13.8 yrs 0.504
Male gender 76.3% 64.3% 0.393
Smoking 73.1% 64.3% 0.563
Diabetes 38.5% 50% 0.481
Hypertension 46.2% 50% 0.816
Dyslipidemia 15.4% 14.3% 1.000
Family history 50% 57.1% 0.666
Renal impairment 3.8% 21.4% 0.115
Table 2 Effect of admission HR on LV function.
HR (bpm) MBP (mmHg)
Group I (n= 26) 77 ± 13.1 102 ± 11.1
Group II (n= 14) 95.9 ± 18.3 97.2 ± 22.7
p-Value 0.003* 0.376
Table 4 Effect of baseline E/A ratio on LV function.
E/A ratio Group I (n= 26) Group II (n= 14)
Mean ± SD 0.94 ± 0.2 0.95 ± 0.4
Range 0.72–1.52 0.55–1.72
p-Value 0.91
Table 6 Effect of baseline IVRT on LV function.
IVRT (ms) Group I (n= 26) Group II (n= 14)
Mean ± SD 94.8 ± 24.3 120.1 ± 22.9
Range 73–204 81–168
p-Value 0.003*
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function.
LVEDD (cm) LVEF%
Group I (n= 26) 4.6 ± 0.6 64 ± 7.4
Group II (n= 14) 4.9 ± 0.5 54 ± 9.9
p-Value 0.04* 0.003*Demographic data and risk factors
None of the demographic data or risk factors in our study pop-
ulation showed signiﬁcant difference in both groups (Table 1).
Hemodynamic data
Compared to group I, group II showed signiﬁcantly higher
heart rate (HR). However, mean MBP on admission failed
to show a signiﬁcant difference (Table 2).
Baseline echocardiographic data
Baseline conventional echocardiogram
The development of LV dysfunction post-STEMI in group II
is signiﬁcantly linked to higher mean baseline LVEDD (p-
value 0.04) and lower mean baseline LVEF% (p-value 0.003)
(Table 3).
Baseline Doppler echocardiogram
E/A ratio: Comparison of the E/A ratio in both groups did not
show a signiﬁcant difference between both groups (Table 4).
n E-wave deceleration time (EDT): Regarding EDT, compar-
ing both groups showed a non-signiﬁcant difference in rela-
tion to the development of LV dysfunction (Table 5).
n Isovolumic relaxation time (IVRT): Compared to group I,
the mean baseline IVRT was signiﬁcantly higher in group
II patients after STEMI (Table 6).The cutoff value of baseline IVRT of 100 ms had high sen-
sitivity and speciﬁcity, 85% and 84%, respectively (AUC=
0.848) (Fig. 1).
Tissue Doppler imaging:
n Mitral annular systolic velocity (S): Comparing both
groups, the baseline S-wave measured at both the lateral
and septal mitral annulus failed to show a signiﬁcant differ-
ence at the end of follow-up period. (Table 7)
n Mitral annular early diastolic velocity (e0): Contrary to S-
wave, the mean baseline e0-wave of the lateral and septal
mitral annulus showed a signiﬁcant difference between
both groups after the follow-up period (p-value <0.001)
(Table 8, Fig. 2).
n E/e0 ratio: Compared to group I, the mean baseline E/e0
ratio – calculated at both lateral and septal mitral annulus
– is signiﬁcantly higher in group II patients with LV dys-
function after MI (Table 9).
For the prediction of LV dysfunction, the baseline cutoff
value of E/e0 ratio at the lateral mitral annulus >8.0 showed
high sensitivity and speciﬁcity, 93% and 89%, respectively
(AUC= 0.94) (Fig. 3A). In addition, the baseline cutoff value
of E/e0 ratio at the septal mitral annulus >10.0 had a sensitiv-
ity of 79% and speciﬁcity of 88% (AUC= 0.89) (Fig. 3B).
n Evidence of LV mechanical dyssynchrony: None of patients
of group I showed LV mechanical dyssynchrony at the time
of baseline TDI, while three patients of group II experi-
enced LV dyssynchrony.Discussion
Coronary artery disease is the most prevalent of cardiac
diseases. Routine evaluation of patients with suspected or
Figure 1 ROC curve of baseline IVRT for the prediction of LV dysfunction (AUC= 0.848).
Table 7 Effect of baseline S-wave at both lateral and septal
mitral annulus on LV function.
S (lateral) (cm/s) S (septal) (cm/s)
Group I (n= 26) 8.6 ± 1.6 7.1 ± 1.2
Group II (n= 14) 7.8 ± 3.4 6.6 ± 2.3
p-Value 0.376 0.399
Figure 2 Pulsed wave TDI, apical 4-chamber view recording mitral an
septal mitral annulus (pt. No. 12).
Table 8 Effect of baseline e0-wave at both the lateral and
septal mitral annulus on LV function.
e0 (lateral) (cm/s) e0 (septal) (cm/s)
Group I (n= 26) 11.2 ± 2.3 8.8 ± 1.3
Group II (n= 14) 6.8 ± 1.9 5.9 ± 1.3
p-Value <0.001* <0.001*
90 M.M. Kenawy et al.known CAD nearly always includes echocardiography.
Because echocardiography can provide a comprehensive
assessment of cardiac structure, function and possibly perfu-
sion at the bedside, it is likely to be the technique of choice
for years to come [8].
Acute myocardial infarction is characterized by regional
myocardial damage that may lead to systolic and diastolic dys-
function with a subsequent risk of LV remodeling, local and
systemic neurohormonal activation, and vascular dysfunction
[9].
A number of parameters from TDI have been proposed to
be useful in various cardiac diseases [10]. Mitral annular or ba-
sal LV velocities reﬂect the long-axis motion of the ventricle,
which is an important component of LV systolic and diastolic
function [11]. The amplitude of long-axis motion during
systole also correlates well with LVEF, which is also true for
the RV [12]. The peak systolic velocity is a sensitive markernular velocities; (A) along the lateral mitral annulus, (B) along the
Table 9 Effect of baseline E/e0 ratio calculated at both the
lateral and septal mitral annulus on LV function.
E/e0 (lateral) E/e0 (septal)
Group I (n = 26) 6.6 ± 1.7 8.2 ± 1.5
Group II (n = 14) 10.6 ± 1.6 12.3 ± 2.8
p-Value <0.001* <0.001*
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normal LVEF or apparently preserved LV systolic function,
such as ‘‘diastolic HF’’ [13], or in diabetic subjects without
overt heart disease [14].
Local myocardial damage may affect the mitral annular
velocity, which may be a theoretical disadvantage of this mea-
surement in AMI [15]. After an AMI, the ratio of the early dia-
stolic mitral ﬁlling velocity to the early diastolic tissue velocity
of the mitral annulus [16] as well as the Sm [17] and Em [17]Figure 3 ROC curve of baseline E/e0 ratio; (A) at the lateral mitr
(AUC = 0.89), for the prediction of LV dysfunction.when added to other echocardiographic variables, further pre-
dicts survival.
In this study, we are trying to predict the development of
LV dysfunction in patients presenting with ﬁrst attack of STE-
MI, through sensitive TDI parameters.
We randomly selected 40 patients with acute STEMI and
followed them up for 6 months. Two groups of patients were
included according to the presence or absence of LV dysfunc-
tion; (i) Group I patients with preserved LV function (n= 26),
and (ii) Group II with LV dysfunction (n= 14).
Compared to group I with normal LV function, group II
patients were relatively young (52.3 ± 10.8 vs.
49.4 ± 13.8 years, p= 0.504) with females constituting higher
percentage (23.7% vs. 35.7%, p= 0.393), with high percent-
age of smokers (73.1% vs. 64.3%, p= 0.563), diabetics
(38.5% vs. 50%, p= 0.481), hypertensives (46.2% vs. 50%,
p= 0.816), family history of CAD (50% vs. 57.1%, p=
0.666), and renal impairment (3.8% vs. 21.4%, p= 0.115).al annulus (AUC= 0.94), and (B) at the septal mitral annulus
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vs. 14.3%, p= 1.000). This demographic data are different
from those of the CARE [3] and VALIANT [18] studies.
Regarding the relation between the demographic character-
istics of our patient population and the development of LV
dysfunction, age was non-signiﬁcant in predicting LV dysfunc-
tion after the follow-up period. This is in agreement with Choy
et al. [19] and Mateus et al. [20], but in disagreement with the
CARE [3] and VALIANT [18] studies. This difference is prob-
ably related to a greater number of study population and a
longer follow-up period.
In our study, females had higher incidence of LV dysfunc-
tion and HF after AMI, but this ﬁnding did not reach statisti-
cally signiﬁcant association. Several studies [3,19,20] shared
the same observation.
Looking into the risk factors of CAD to elicit which fac-
tors could be more predictive of LV dysfunction following
ﬁrst attack of STEMI, we can say that the presence of pre-
vious cardiovascular risk factors had a signiﬁcant impact on
the likelihood of LV dysfunction following a ﬁrst STEMI
[20]. Risk factors were prevalent in patients who developed
LV dysfunction, but none showed statistically signiﬁcant
ability to predict the development of LV dysfunction. These
results go in hand with Mateus et al. [20], Alam et al. [21],
and Choy et al. [19].
Compared to patients with normal LV function, a signiﬁ-
cant impact on LV function was shown in the CARE study
[3] in terms of diabetes (21.4% vs. 12.8%, p< 0.001) and
hypertension (56.8% vs. 40.9%, p< 0.001). In addition, the
VALIANT study [18] showed that diabetes (34.8% vs.
18.7%, p< 0.001), hypertension (63% vs. 49.5%, p = 0.001)
and renal impairment (1.9% vs. 0.9%, p< 0.001) have signif-
icant impact on LV function.
These slightly different results can be attributed to the lar-
ger patient population and longer follow-up period (median
5 years in the CARE study [3], and median 25 months in the
VALIANT study [18]).
Anterior wall STEMI was associated with a signiﬁcantly
higher risk for depressed EF compared to other locations
[20]. Our patients with anterior MI compromised a higher
but non-signiﬁcant percentage of LV dysfunction. Choy et
al. [19] and Mateus et al. [20] also showed that patients with
anterior infarction demonstrated a lower LVEF than did pa-
tients with inferior infarction, even after adjustment for infarct
size, as well as a higher incidence of CHF and cumulative car-
diac mortality.
Acute HF that develops as an immediate consequence of
AMI may be related to infarct characteristics such as the loca-
tion and size of the infarct and time to reperfusion [22]. How-
ever, late development of chronic HF among those without a
history of HF is probably related to several mechanisms,
including progressive remodeling [23], recurrent MI, and
subclinical ischemia. Patients who developed acute HF were
excluded from our study because this is reﬂected on the results
of TDI.
Heart rate is an important therapeutic target for ischemia
and LV dysfunction or CHF, and it seems likely that relatively
high HR is both causative and indicative of important patho-
physiological processes [24]. In our study, the admitting HR
was signiﬁcantly higher in the LV dysfunction group. These
results were in concordance with Lewis et al. [18] and Choy
et al. [19].The current study used the MBP on admission and found
no effect on LV function after the follow-up period. Other
studies [3,18] concluded that after a high-risk MI, elevated
systolic BP is associated with an increased risk of subsequent
stroke and cardiovascular events. Blood pressure level and
the magnitude of change in pressure from previous values
are two signiﬁcant indicators of prognosis after AMI [25].
Left ventricular systolic function is a well-established pre-
dictor of morbidity and mortality following AMI [26,27]. After
AMI, the feature that most adversely affects long-term
survival is LV dilatation, which in some studies ranks even
higher than the severity of CAD as a prognostic feature [28].
Our results showed that patients with higher baseline LVEDD
after AMI are more prone to LV dysfunction. This is in agree-
ment with Richards et al. [29] and Otterstad et al. [30]. On the
contrary, Schwammenthal et al. [31] reported that LVEDD is
not predictable of LV dysfunction after AMI. This is possibly
related to a shorter follow-up period.
A lower LVEF may be a reﬂection of a larger infarct, more
extensive CAD, less cardiac reserve, and poorer outcome [32].
The current study showed a great ability of baseline LVEF to
predict LV dysfunction after the follow-up period. This goes in
hand with the CARE study [3] which concluded that LVEF
was the second most signiﬁcant predictor of HF post MI, with
a 4% increase in the risk of HF for every 1% decrease in
baseline LVEF (p< 0.001). Van Melle et al. [33] emphasizes
LVEF at baseline as a signiﬁcant predictor of LVEF at
4 months (b= 0.72; p< 0.001). Other studies [18,29,31] are
in concordance with our ﬁnding.
Doppler echocardiographic assessment of transmitral ﬂow
provides a noninvasive means of identifying patients with ele-
vated LA pressures [34]. Combinations of different degrees of
systolic and diastolic myocardial dysfunction are prevalent
among patients with AMI, and both components have a signif-
icant impact on patient outcome [31].
Our patient population who developed LV dysfunction had
baseline Doppler echo ﬁndings suggestive of impaired LV
relaxation and subsequently impaired LV diastolic ﬁlling.
Unfortunately, this ﬁnding did not reach statistical signiﬁcance
for the tested variables, except for IVRT. Schwammenthal et
al. [31] and the VALIANT Echo study [35] are in agreement
with our results; however, their results were statistically signif-
icant due to larger patient population.
The current study showed that group II patients had lower
baseline mean Sm, although this ﬁnding failed to reach statis-
tical signiﬁcance. The smaller patient population and different
baseline patients’ characteristics may explain this. Alam et al.
[21] stated that a mean Sm ofP7.5 cm/s predicted a preserved
LVEF (P0.50) with relatively high sensitivity and speciﬁcity.
Other studies’ [17,33,36,37] data were close to this result. They
correlated the Sm to adverse cardiac events and survival.
In concordance with other studies [17,21,33], the mitral
diastolic velocity was signiﬁcantly different between both
groups, possibly denoting that diastolic dysfunction is linked
to systolic dysfunction after AMI. The reduced velocity at
the infarction site is an expression of myocardial damage after
an MI [21].
Regarding the E/e0 ratio at both the lateral and septal mi-
tral annulus, patients who developed LV dysfunction had a
higher ratio than other group with relatively good sensitivity
and speciﬁcity. Other studies [17,33,36,37] go in hand with
us. The E/e0 ratio has been reported to be good non-invasive
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al. [40] found E/e0 ratio to be a powerful predictor of the com-
posite end point of cardiac death and readmission due to HF
after a ﬁrst MI during a median follow-up of 13 months.
Asynchronous motion is often apparent in patients with MI
and has been associated with infarct size [41] and LV remodel-
ing at six months [42]. Our data showed that LV mechanical
dyssynchrony is an independent predictor of LV dysfunction
after AMI. This means that ventricular contraction pattern
plays an important role in prognostic evaluation after MI inde-
pendent on ventricular function or RWMAs. Shin et al. [43]
are in agreement with our ﬁnding that LV dyssynchrony is
independently associated with increased risk of death or HF
after MI, suggesting that contractile pattern may play a role
in post-MI prognosis.
Study limitations
The small number of the study cohort and the relatively short
follow-up period are limiting factors to study some risk factors
or to consolidate our ﬁndings.
Conclusion
From the study, we concluded that:
1. Demographic characteristics and baseline risk factors did
not show signiﬁcance in relation to the development of
LV dysfunction.
2. Higher LVEDD and lower LVEF by 2D-echocardiography
are highly predictive of LV dysfunction after acute STEMI.
3. Although non-signiﬁcant, patients with LV dysfunction
had baseline Doppler echocardiographic parameters denot-
ing impaired LV relaxation.
4. Tissue Doppler imaging showed that the peak systolic mitral
annular velocity is lower in patients with LV dysfunction.
5. The early diastolic mitral annular velocity together with the
E/e0 ratio has high ability in prediction of LV dysfunction.
6. The admitting HR is superior to MBP in prediction of LV
dysfunction with high signiﬁcance.References
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